The thymus and parathyroids originate from a common primordium that develops from the third pharyngeal pouch in mice and humans. The molecular mechanism that speci®es this primordium into distinct organ domains is not known. The Gcm2 and Foxn1 transcription factors are required for development of the parathyroid and thymus respectively, and are attractive candidates for this role. However, their embryonic expression patterns during pharyngeal pouch development and early thymus and parathyroid organogenesis have not been described. Here we report that Gcm2 is expressed speci®cally in the developing second and third pharyngeal pouches at E9.5, and is further con®ned to a small domain of the third pouch endoderm by E10.5. In contrast, Foxn1 is not expressed until after the common primordium is formed, beginning at E11.25. Our results show that Gcm2 and Foxn1 expression mark two complementary domains that pre®gure parathyroid and thymus regions within the common primordium before morphological distinctions are present. q
Results and discussion
Gcm2 is one of two mammalian homologues of the Drosophila gene Glial cells missing, and encodes a transcription factor with a novel DNA binding domain (Akiyama et al., 1996; Kim et al., 1998) . Although this gene in Drosophila is involved in determining glial versus neuronal identity (Hosoya et al., 1995; Jones et al., 1995; Vincent et al., 1996) , Gcm2 in mice is speci®cally expressed in the parathyroid gland in late gestation and in adults (Kim et al., 1998) . In Gcm2 2/2 mutant mice, parathyroid hormone (PTH) expression is undetectable at E11.5 (Gunther et al., 2000) , indicating that Gcm2 plays a crucial role very early in parathyroid organogenesis. However, the expression pattern for Gcm2 during pharyngeal region development and parathyroid organogenesis has not been described.
We used whole-mount in situ hybridization to determine the Gcm2 expression pattern from the initial formation of the third pharyngeal pouch at E9 through early parathyroid organogenesis at E11.5. There was no detectable expression at E8.5 (Fig.1A) . Gcm2 was ®rst expressed at E9.5 in a diffuse domain encompassing the 3rd and, at a lower level the 2nd, pharyngeal pouches (Fig. 1B) . By E10.5 expression was restricted to the 3rd pouch, and appeared in wholemounts to be most strongly expressed in the cranial part of the pouch (Fig. 1C ). This expression pattern was con®rmed in paraf®n sections, which showed strong labeling in a small domain within the cranial half of the third pharyngeal pouch endoderm (Fig. 1E) .
The common thymus/parathyroid primordia begin to develop from the 3rd pharyngeal pouch endoderm at E11± 11.5 (Cordier and Haumont, 1980) . These bilateral primordia appear morphologically uniform until E13±13.5, when each physically divides into separate parathyroid and thymus glands. At E11.5, Gcm2 staining in whole-mounts was seen exclusively in small bilateral domains in the pharyngeal region (Fig. 1D ). Paraf®n sectioning of these wholemounts showed that the expression was con®ned to the dorsal and cranial portion of the primordia developing from the 3rd pouches (Fig. 1F) .
To con®rm that this expression pattern corresponded to the developing parathyroid/thymus primordium, we E-mail addresses: c.blackburn@ed.ac.uk (C.C. Blackburn), nmanley@mail.mcg.edu (N.R. Manley). 1,2 These authors contributed equally to this work. compared it to that of a thymus-speci®c marker, Foxn1 (formerly whn/Hfh11) (Kaestner et al., 2000) . Foxn1 is the gene mutated in the classical nude mouse strain, and encodes a transcription factor of the winged helix/forkhead class (Nehls et al., 1994) . Foxn1 is not required for initiation of thymus organogenesis (Nehls et al., 1996) , but is required cell-autonomously for thymic epithelial cell differentiation (Blackburn et al., 1996) . Therefore, Foxn1 expression is likely to mark the thymus-speci®c domain in the common primordium. However, its expression pattern during early thymus organogenesis has not been described. We used a lacZ knock-in mouse (Nehls et al., 1996) to determine the onset of Foxn1 expression in the pharyngeal region. In contrast to Gcm2, Foxn1 was not expressed in the common primordium until E11.25 (Fig. 1H,I ). Expression began in a subset of epithelial cells at the caudal and ventral end of the primordium, then gradually expanded to include approximately two thirds of the primordium by E11.5 (Fig. 1J) . The most cranial and dorsal portion of the developing primordium did not express Foxn1. Therefore, the Foxn1 expression domain appears complementary to that of Gcm2 at E11.5. To con®rm this observation, we performed dualcolor in situ analysis for both Gcm2 and Foxn1 at E11.5. The two probes co-localized to the developing 3rd pouch primordium, with Gcm2 expression and Foxn1 immediately adjacent to each other (Fig. 1G) .
Our results show that Gcm2 is expressed in a speci®c region of the pharyngeal endoderm around the third pharyngeal pouch as early as E9.5. This expression pattern becomes progressively restricted in the developing third pouch before the organ primordia begin to form. In contrast, Foxn1 expression does not begin until after the common parathyroid/thymus primordium forms. Once the primordia form, Gcm2 and Foxn1 are expressed in a complementary fashion in the parathyroid-and thymus-speci®c regions before the division into morphologically distinct organs.
Methods

Mice and genotyping
Wild type Swiss Webster embryos were collected with the day of the vaginal plug designated as E0.5. Mice carrying a lacZ insertion in exon 3 of whn Foxn1 (Nehls et al., 1996) were maintained by mating whn 1/2 males with C57BL/6 females (CGR Animal Unit): progeny were genotyped by PCR analysis of tail DNA using lacZ speci®c primers. All experiments were carried out with the approval of the respective institutional animal care committees.
In situ hybridization and lacZ staining
Whole-mount in situ hybridizations were performed as described (Manley and Capecchi, 1995) . The Gcm2 probe was generated by PCR ampli®cation as described (Kim et al., 1998) . For single-color staining, BM-purple (Roche/ BMB) was used as a chromagen to localize hybridized probe. Embryos were subsequently embedded in paraf®n and 5 mm sections cut for counterstaining with nuclear fast red. For dual-color labeling, embryos were hybridized simultaneously with a¯uorescein-UTP Gcm2 probe and a digoxygenin-UTP Foxn1 probe. Antibody incubations and color reactions were carried out sequentially with Fast Red and BM-purple, with a 0.1 M Glycine, pH 2.2 wash after the ®rst color reaction. Histochemical detection of b -galactosidase was as described (Nehls et al., 1996) . After lacZ staining embryos were embedded in paraf®n and 7 mm sections cut and counterstained with eosin.
